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His theory with regard to non-ulcerative lupus (and rebellious cases were of that tvpe) and the X-rays-and at this period in the history of radiotherapy he had no definite opinion about the action of X-rays, consequently he used them very carefully-was that lupus vulgaris of non-ulcerative type left the epithelium relatively uninvolved and manifested itself in the corium. The epithelium probably interfered with the penetration of the rays from a therapeutic point of view, and afforded a certain amount of resistance to them. Therefore he used this mixed method, which caused the breaking down of the epithelium and destruction of much tuberculous tissue, and allowed the rays to have free penetration to the corium, and he ventured to think-indeed, experience had proved-that his results were very much better than those which would be obtained by the use of the X-rays alone. That, however, was a matter rather for the medical electrician pure and simple to pronounce upon than himself. His work had been necessarily somewhat empirical, as it would be until he had formed a definite opinion as to the exact nature of the action of the X-rays, but nevertheless it had been productive of very good results.
The Electrolytic Method of Measuring X-rays.
By HOWARD PIRIE, M.D.
IN the production of X-rays in a Crookes' tube the law of conservation of energy goes on in the same way as in an incandescent lamp. In each case so much electric energy is supplied and so much work is done. In the case of the incandescent lamp, the energy is transformed principally into heat and light. By increasing the energy supplied to .the lamp, more heat and light are given out. There is, however, a change in the wave length of the light given out-a small supply of energy giving a yellow light and a large supply a white light.
The analogy of the incandescent lamp can be applied to the X-ray tube. When electrical energy is supplied to an X-ray tube, it is transformed into kathode rays, heat, vibration, phosphorescence, light, and, secondarily, X-rays.
The main part of the electrical energy, however, is transformed into heat and kathode rays.
According to the efficiency of the X-ray tube, the proportioh of X-rays to heat varies just as in an incandescent lamp the proportion of heat to light varies.
In an Osram lamp the proportion of light to heat is greater than in an old carbon filament lamp.; so in a good water-cooled X-ray tube the proportion of X-rays to heat is greater than in a badly made light anode X-ray tube.
But no matter what the tube is, it remains as a transformer of energy, and follows the law of the conservation of energy. This is the principle on which I have founded the electrolytic method of measuring X-rays, and it may be stated thus: " The output of X-rays from an X-ray tube varies according to the watts supplied to the tube."
Thus I imagine a tube supplied by a current of 20,000 volts and 1 ma. gives out the same amount of X-rays as measured by a Sabouraud's pastille as the same tube supplied by a current of 40,000 volts and 1 ma. Kelvin's electrostatic voltmeter could be used to tell the exact voltage, but for practical purposes the equivalent spark gap is used, and for the same coil probably varies directly as the' voltage.
To measure the quantity of current that flows through the X-ray tube I have devised this meter. It is a capillary tube with 100 divisions. Each division is 1-200 c.c. One end of the capillary tube is open and the other terminates in a dilatation. Through the walls of the dilatation penetrate two platinum wires. The dilatation is filled with tap water, and a drop (called the indicator drop) is left in the capillary tube. This meter is put in series with the X-ray tube, and as the current flows through the meter it decomposes the water into oxygen and hydrogen. These gases collect in the bulb and make the indicator drop rise. The number of divisions registered is a measure of the quantity of electricity that has flowed through the X-ray tube. If a constant current of 1 ma. is made to flow through this meter for ten minutes, it liberates 22 divisions of gas at 60°F. (while at 70°F. 22 4 divisions are liberated). Practically the same result is got when the meter is used in series with an X-ray tube. The difficulty is to keep the milliamperemeter constant at 1 ma. Now if the equivalent spark gap remains constant at, say, 6 in., while the meter registers 22 divisions, we have two figures which, when multiplied together, are a measure of the electrical energy supplied to the X-ray tube, for the equivalent spark gap represents volts and the divisions of the meter represent milliamperes and time.
As the voltage and milliamperage vary, so the output of X-rays varies. For example, in the three following experiments the same tube was used with the following results: When the equivalent spark gap was 6 in. and 10 divisions were registered on the meter, then (10 by 6 Pirie: Electro*ic Method of Measuring X-rays equals 60) the B tint was shown by Sabouraud's pastille; When the equivalent spark gap was 44 in. and 13 divisions were registered,-the pastille turned to the B tint (41 by 13 equals 58i). When the equivalent spark gap was 21 in., 24 divisions were required to turn the pastille to the B tint. 
60
...
B
In each case the same quantity of electrical energy was supplied to the tube and the same quantity of X-rays emitted as measured by Sabouraud's pastille. The judgment of the colour was usually done by my wife, who gave her opinion without bias as she was not interested in the experiment. The difficulty of getting a tube to remain constant at one equivalent spark gap is overcome by taking the spark gap for every division of the meter and adding up the sum, thus: 
Total 50 X-ray tubes vary in their efficiency, and for this electrolytic method they must be stand'ardized. For this purpose place a Sabouraud's pastille 2 cm. from the wall of the tube, mounted on metal and shaded from light. Let the X-rays fall on the pastille and at the same time note the equivalent spark gap in inches and the number of divisions registered by the meter. Suppose the pastille turns to the B tint when 15 divisions have collected, and the equivalent spark gap is 4; then multiply 15 by 4, and you get 60 as the constant for the tube. I have found for several tubes that the square of the distance in centimeters from the source of the rays to the pastille is the constant for the tube.
Thus a tube of 6 cm. radius has in general a constant of 8 by 8 equals 64; but this is only approximate, and each tube must be stardardized against a pastille or other standard of measurement. I have found this true for a water-cooled tube, a Bauer tube and a light anode Muller tube. In using the meter care must be taken that the reverse current is suppressed, that there is no leak to earth, aiid that no current is allowed to pass through the meter which does not also produce X-rays.
For instance, there must be no sparking of the softening apparatus in a Muller tube. To reach its present form this meter has gone through several,changes. My first difficulty was that the bulb was made too small, and a heating effect was produced by the passage of the current through the water. This is avoided by making the bulb larger and adding a little salt to the water. The next difficultywas with the platinum electrodes in the bulb. When they were brought close together in order to reduce the resistance and consequent heating of the water, I found that instead of flowing through the water and causing electrolysis; the electricity preferred to jump from one electrode to the other in the form of a spark.' In fact, the meter once exploded from a spark, thus passing and igniting the mixed gases. I therefore increased the size of the electrodes and brought them close together. With a meter made thus I found that, after stopping an X-ray experiment, the meter kept on registering for the next few hours, and I concluded that the platinum of the negative electrode was giving up the hydrogen it had absorbed while the<eurraut was passing.
In order to set the indicator drop at zero, I expanded the free end of the capillary tube so that when the drop reached the free end it was' expanded into a bubble, which, on bursting, ran down the sides of the tube and was caught at a constriction at the zero point. This has also been abandoned, as a fresh drop can always be put in position by giving the meter a gentle shake. A lady's hat pin can be passed down the tube to alter the position of a drop. A small piece of cotton wool should be kept in the cup at the top of the meter. The meter is filled in the first instance by means of a capillary pipette, made by drawing out a piece of glass tubing after heating it in a Bunsen. To anyone using this meter for the first time I would advise the following: Use a tube that remains constant with an equivalent spark gap of 4 in. to 5 in. An Osmo regulating tube is preferable, as there is no necessity to disconnect the meter while softening the tube. The meter must be disconnected when softening a Muller tube. Several experiments should be made with a Sabouraud pastille in order to standardize the tube. When a spark passes about every ten minutes across the equivalent spark gap, one should consider that the true equivalent spark gap is being measured. Do not attempt to use the meter with a tube which varies its equivalent spark gap quickly. Read the meter directly the experiment is finished, ' With an equivalent spark gap of 10 in., and using London tap water, I found the current preferred to go roua4d the outside of the bulb of the meter in the form of a spark rather than through the water. The addition of a little salt to the water at once stopped this.
as the hydrogen and oxygen will slowly diffuse through the indicator drop and so alter its position. The indicator drop usually falls one or two degrees after a few hours.
I have used this meter now for a year and shall show you some of the results of treatment by means of it. For practical use I have found I can quickly train a nurse to read the meter, measure the spark gap, and multiply the two numbers together. She uses a Butcher's shield and a tube which I have standardised, and I tell her to give the patient so many units. I estimated the reverse current passing through an X-ray tube by means of electrolysis as follows: I arranged an apparatus as follows: I cut the positive wire between the coil and the X-ray tube. I connected the broken ends to platinum wires, and passed these platinum wires into a glass vessel containing tap water. Over each platinum terminal in the water I placed a eudiometer (which I show you) filled with water, so that when the current flowed through the water each eudiometer collected all the gas given off at that terminal. The eudiometers were divided into 1-100 c.c. divisions.
When the apparatus was thus prepared I passed a current through the X-ray tube. As soon as the current flowed, bubbles of gas came off from the platinum terminals. These bubbles collected at the top of the eudiometer tubes. After collecting a quantity of gas in each eudiometer tube I noted the quantity. Theoretically one eudiometer should have collected twike the amount of gas the other had. Practically it was never so.
There were two reasons for this:
(1) Oxygen is more soluble in water than hydrogen is.
(2) Each eudiometer contained a mixture of oxygen and hydrogen, due to the passage of reverse current. However, one eudiometer always contained much more gas than the other, and I took the one with the greater quantity of gas as if it was pure hydrogen and mixed it with more than half its volume of oxygen. I then exploded the mixture by means of a spark from the coil passing between two platinuin wires sealed into the top of the eudiometer. I allowed water to take the place of the exploded gas and noted the volume of gas left, from which the percentage of reverse current can be calculated. These are the figures of such an experiment. Using a very soft tube, with equivalent spark gap of 3 cm., I collected 23 3 divisions of gas supposed to be hydrogen; with this I mixed pure oxygen, making a total volume of 41 divisions of mixed gas. I then exploded the mixture and a volume of 9 divisions remained. Therefore (41 -9) 32 divisions of oxygen and hydrogen had combined, leaving 9 divisions of oxygen unexploded. There had therefore been 10 6 divisions of oxygen and 21'3 of hydrogen previously present. But I had collected in the first instance 23 3 divisions of gas supposed to be hydrogen, and I found by explosion there had only been actually present 21,3 divisions of hydrogen. Therefore the difference of 1'96 must have been oxygen. But oxygen takes twice as long as hydrogen to collect, and therefore 3-93 divisions of hydrogen would have collected in the time that 196 divisions of oxygen collected; and had there been no reverse current I would have collected 25,23 divisions of hydrogen instead of 23 3. I then turned to the other eudiometer and treated it in the same way' and found 16'2 per cent. of reverse current had passed. This error of 0 7 per cent. with such small quantities used is, I think, excusable. I expected to find a large reverse current in this experiment, as I was using a very soft tube and no valve tube. On using a valve tube I found no reverse current was passing when using this electrolytic method. An actual experiment with a valve tube was as follows: I collected 42'2 divisions supposed to be hydrogen, and mixed this with 54'8 divisions of pure oxygen. Total, 97. I then-exploded the mixture and found 33'2 divisions remained; therefore (97 -33'2) 63'8 divisions of gas -had united to form water, of which 21'26 was oxygen and 42'53 hydrogen. But I started with 42'2 divisions supposed to be hydrogen. There had been no reverse current, and my error of O'3 accounts for the difference. Other experiments are reported in the tables. In the first experiment (A) (A) a valve tube was used, and the equivalent spark gap was 3 in. to 4 in. In the second experiment (B) (B) no valve tube was used, and the equivalent spark gap was 1-in. In the third experiment (C) (C) no valve tube was used, and the equivalent spark gap was 3 in. to 4 in. There is an experimental error of not more than 4 per cent. in this last experiment.
DISCUSSION.
The PRESIDENT (Mr. Deane Butcher) remarked that Dr. Pirie had shown once more that the quantity of the X-rays proceeding from a focus tube was a function of two things-the voltage and the milliamperage. His method was exceedingly useful for measuring a fractional dose. There was at present no means of measuring satisfactorily a fractional part of Sabouraud and Noire's dose save by Dr. Pirie's instrument.
Dr. N. S. FINzI said that he had worked with one of the older forms of Dr. Pirie's instrument, one in which the platinum wires came very close together. When he held the bulb in his hand for thirty seconds the indicator immediately rose about two or three degrees. That was a fallacy which could be overcome by using as small a bubble of air as possible by filling the bulb with water almost up to the point where the readings started. He found the instrument very useful indeed, given an X-ray tube that kept its vacuum fairly constant. It was then easy to gauge the number of divisions necessary to produce the requisite dose. But when the worker had an X-ray tube that varied its vacuum, as a great many X-ray tubes did, he would find that a comparatively small difference of 1 in. or 2 in. in the altemate spark gap made a very great difference in the reading of the instrument. With tubes giving from 4 in. to 6 in. alternate spark gap the readings were fairly constant, but above 6 in. their constancy could not be relied upon. -He agreed with the President as to the extreme value of the instrument for partial exposures.
Dr. REGINALD MORTON asked Dr. Pirie whether his meter was an index of the value of an X-ray tube for radiographic purposes. Dr. Pirie had provided a good opportunity for raising the question as to the relative condition of tubes. He (Dr. Morton) had never been satisfied that there was any real difference within certain limits between the tube used for radiographic purposes and the tube used for treatment. He took it that for any given expenditure of energy in an X-ray tube the tubes that were moderately alike gave approximately the same therapeutic results. He had two tubes, not indeed by the' same maker, but their resistance as judged by the alternate spark gap was in each case about 41 in. * One was a Chabaud and the other was a Muiller. There was not a very large difference in the size of the tubes, but with identically the same current they gave quite a different screen. With the Chabaud it was possible to obtain a perfect radiogram of the kidney showing all the transverse process. In some cases the outline of the kidney could be seen quite unmistakably when the plate came fresh out of the fixing bath. But with the Muller tube, using the same diaphragm and the same distance from the anti-kathode, no decent radiograph could be obtained at all. Did Dr. Pirie consider that an X-ray tube working under a certain constant ought to be of equal value for radiographic and therapeutic purposes? Why was it that he obtained these divergent results from the same tube or from different tubes working under precisely the same conditions ? a-6
Dr. W. IRONSIDE BRUCE said that he considered Dr. Pirie's method of measuring the X-rays an excellent one, and would take the first opportunity of putting it to the test. He suggested that the difficulty of absorption of gas by the electrodes to which allusion had been made might to some extent be obviated by collecting gas for measurement purposes from one electrode only, namely, the one at which least absorption takes place. The gas from the other electrode might be allowed to escape, and thus the danger of explosions would also be removed. The trouble in getting a tube with a mica regulator to work with Dr. Pirie's meter might be solved by bringing it close up to the kathode of the tube. The instrument was an exceedingly clever one, and was likelv to prove useful in the hands of X-ray workers. Dr. A. H. PIRIE, in reply, admitted that there was at present no exact way of measuring the X-rays; his instrument was made simply to serve for practical purposes. He found it difficult in some cases to register tubes which were above 6 in. spark gap. Other tubes would be quite constant with a spark gap of 10i in. In answer to Dr. Morton, he said that 10 X on the Kienboch apparatus equalled Sabouraud and Noir&s B tint. If he produced the B tint in 50 units of his own measurement, the Kienboch measurement of 10 X would at the same time be produced. He expected that in order to produce a photographic result equal to 10 X with Kienboch the Chabaud would show about 50 units of measurement and the MIuller about 120. One tube was not such a good transformer as the other, just in the same way as some coils were less efficient than other patterns. There was a limit to the output of rays irrespective of the character of the tube on the same principle as, no matter how much petrol was supplied to a motor car, it could not exceed a certain speed. The difficulty respecting absorption had been overcome by making the platinum point a tiny one, but he thought that it would be very difficult to put the meter so close up to the X-ray tube as had been suggested. He added his thanks to Messrs. Watson and Son for providing the apparatus.
